The Arrhenius parameters for addition of the allyl radical to allene were obtained. 
Introduction
The allyl radical is one of the radicals most extensively investigated in terms of its resonance or electron-delocalization energy1)-5 The reason that the concerted mechanism is excluded in the latter scheme is the fact that the concurrent production of acyclic products was observed in most cases.
How large is the activation energy for the elementary addition of the allyl radical possessing such character compared to that6),7) for the addition of methyl, ethyl, or propyl radical?
The authors have studied the behavior of the allyl radical reacting with several unsaturated hydrocarbons8)-13), and they have intended (1) to clarify the product distribution in the individual cases and to make a comparative kinetic study on the formation of allyl-addition products, and (2) to evaluate the activation energy for the elementary addition of the allyl radical to unsaturated hydrocarbons.
It was revealed that, conspicuously with acetylene9), the addition of the allyl radical preferred producing cyclic products. However, not only the difficulty in quantitative measurement of the substrate hydrocarbon consumed by such addition but also the occurrence of side reactions of the substrate hydrocarbon itself, would retard the evaluation of the activation energy.
In the present experiments with allene employed as another substrate hydrocarbon, not only the elimination rate of allene but also the amounts of allene consumed by addition of the allyl radical were measurable with sufficient reliability to perform a kinetic analysis. Accordingly, the Arrhenius parameters for the elementary addition of the allyl radical to allene could be evaluated. In this paper, the method for obtaining these parameters and the results are reported. The details of allyl-addition products and their formation kinetics are reported in a separate paper14).
Experimental
As in previous cases8)-13) diallyl oxalate (DAO) was used as precursor of the allyl radicals. 
Results and Discussion
The products in the thermal reaction between allene and DAO were a large amount of carbon dioxide, biallyl and propylene, ethylene, methylacetylene, butadiene, two methylenecyclopentene isomers, and 2-methyl-1,4-pentadiene.
The last three compounds are considered as allyl-addition products. Additionally, there were produced minor products which were difficult to identify and which included nine species of C5's (involving 1-pentene, cyclopentene and cyclopentadiene) and 13 species of C6's at maximum.
Methane, ethane, and acetylene were also minor products. The amounts of products which are regarded as derived from allene were shown in Table 1 . In the thermal reaction of allene itself, i.e., without addition of DAO, the major product was methylacetylene whose amount at each residence time was listed together in parentheses in Table 1 . The C5 and C6 products were formed in trace amounts. The maximum conversion of allene in these blank experiments was about 0.5%. The thermal decomposition of DAO underwent stoichiometrically, as reported in the literature16), to produce carbon dioxide and biallyl. Accordingly, the various species of C5's and C6's (Table 1 ) formed in small amounts should be produced obviously via the addition of the allyl radical to allene. The scheme accounting for the formation of major allyl-addition products in these experiments is postulated as follows.
It is based on a similar consideration described previously8)-13);
In the scheme, RH is considered to be DAO which was present in the highest concentration (ca. 2.5mol%), and kadd represents a composite rate constant for addition of the allyl radical to allene. A certain amount of biallyl should be produced through the addition of the allyl radical to allene as seen in the scheme although almost all biallyl is produced by recombination of allyl radicals as described above.
Although the amounts of biallyl produced through these two routes could not be measured separately, the amount of biallyl produced through the former route can be estimated.
The amounts of biallyl evaluated by use of the ratio estimated previously14) to be 1.9, were listed together in brackets in Table 1 .
The compounds listed in the table are believed to be produced by consumption of at least one molecule of allene.
The total amounts of these products attained to more than 70% of the total amount of allene converted. Besides, allene is likely to be consumed by addition of the C6 radical intermediates formed by the initial addition of the allyl radical, resulting in the formation of C9 radicals or C7-C9 compounds which were not measured in the present experiments.
Abstraction of hydrogen atom from allene by the allyl radical or from the allyl radical by allene is highly endothermic.
In consideration of these possibilities, it is safe to assume that most of the allene converted was consumed by the initial addition of the allyl radical.
Virtually, the conversion of allene, x, fitted the first-order kinetics as shown in excluded because the measurement of allene conversion (<1%) was in somewhat larger error. From Fig. 1 , k'add at each temperature was determined.
By measurement of the initial slope of the formation curve of biallyl14), d[biallyl]/dt in Eq. (4) at each temperature was obtained. The numerical value of kt in Eq. (4) was available from the literature3),4),17),18), as described above and as independent of temperature. 
